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• NOTICES * 



JPO and NCIPZ BiTG not responsible for any 
damages caused by tbe use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words-are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The surface treatment approach of the magnet characterized by forming the 1st protective coat which performs electrolytic 
plating on the front face of the magnet containing rare earth using a copper salt compound, phosphorus compounds, an aliphatic series 
phosphonic acid compound, and the coppering liquid that contains a hydroxylation salt at least, and changes from a copper coat to it. 
[Claim 2] The surface treatment approach of the material characterized by forming the 1st protective coat which performs electrolytic 
plating on the front face of the material which has a negative expansion coefficient in the predetermined direction using a copper salt 
compound, phosphorus compounds, an aliphatic series phosphonic acid compound, and the coppering liquid that contains a 
hydroxylation sah at least, and changes from a copper coat to it. 

[Claim 3] The magnetic manufacture approach of having the process which forms the 1st protective coat which performs electrolytic 
plating on the front face of the magnet containing rare earth using a copper salt compound, phosphorus confounds, an aliphatic series 
phosphonic acid compound, and the coppering liquid that contains a hydroxylation salt at least, and changes from a copper coat to it, 
and Ae process which forms the 2nd protective coat on the front face of said 1 st protective coat. 

[Claim 4] The magnetic manufacture approach of having the process which forms the 1st protective coat which performs electrolytic 
plating on the front face of the magnet which has a negative expansion coefficient in the predetermined direction using a copper salt 
compound, phosphorus compounds, an aliphatic series phosphonic acid compound, and the coppering liquid that contains a 
hydroxylation salt at least, and changes from a copper coat to it, and the process which forms the 2nd protective coat on the front face 
of said 1 St protective coat. 

[Claim 5] The manufacture approach of a magnet according to claim 3 or 4 that said 2nd protective coat is metal plating film. 
[Claim 6] The manufacture approach of the magnet according to claim 3 or 4 which forms said 2nd protective coat by forming a 
copper coat by the copper pyrophosphate plating bath or the cyaniding coppering bath on said 1st protective coat. 
[Claim 7] The manufacture approach of the magnet according to claim 3 or 4 which forms said 2nd protective coat by forming other 
copper coats and forming the metal plating film in the front face of this copper coat by the copper pyrophosphate plating batii or the 
cyaniding coppering bath on said 1 st protective coat. 

[Claim 8j Said 2nd protective coat is the manufacture approach of the magnet according to claim 3 or 4 which is a resin coat. 
[Claim 9] The manufacture approach of a magnet accoxding to claim 3 to 8 that said magnet is a R-Fe-B system rare earth magnet 
containing R (however, more than a kind of the rare earth elements in which R contains Y), Fe, and B. 



[Translation done.] 
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♦ NOTICES ♦ 

JFO and MCZPI are not responsible £or any 
damages caused by the use o€ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words^are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] The surface treatment approach and the magnetic manufacture approach are started, the protective coat 
excellent in adhesion is formed in more detail, zind this invention relates to the approach of manufacturing the magnet excellent in 
corrosion resistance and thermal resistance, and the surface treatment approach for formation of a protective coat to form the 
protective coat excellent in adhesion in the front face of a difficult material like a rare earth magnet. 
[0002] 

[Description of the Prior Art] As a highly efficient pennanent magnet, the Sm-Co system rare earth permanent magnet by powder- 
metallurgy processing is mass-produced. However, this permanent magnet has the technical problem are expensive, from using Sm 
and Co expensive as a raw material. 

[0003] In rare earth, rare earth elements with a small atomic weight, for example, a cerium, (Se), a praseodymium (Pr), and 
neodymium (Nd) exist in abundance, and its price is comparatively cheaper than samarium (Sm). Moreover, iron (Fe) is cheap. 
[0004] Then, the Sm-Co system rare earth permanent magnet and the Nd-Fe-B system rare earth permanent magnet which has the 
magnetic engine performance more than an EQC are developed and put in practical use using the recent years comparatively cheap 
raw material. 

[0005] However, since this permanent magnet contains the rare earth elements and iron which are easy to oxidize as a principal 
component, corrosion resistance is comparatively low and degradation, dispersion, etc. of the engine perfomuince have been a 
technical problem. 

[0006] Then, various approaches are proposed in order to improve the corrosion resistance of this kind of rare earth (R) permanent 
magnet. For exanple, at IP,60-54406,A, the oxide generated on a front face is controlled by giving an oxidation-resistant plating coat 
to the front face of a R-Fe-B system permanent magnet. With the technique shown in this official report, Cu+nickel plating is used 
and, specifically, cyaniding Cu-enriched liquid is used as a Cu substrate. The permanent magnet which performed such processing is 
very effective in stabilization of output characteristics, and improvement in dependability, when it excels in oxidation resistance and 
includes in a magnetic circuit etc. 

[0007] Moreover, electrolytic plating is performed to a R-Fe-B system permanent magnet in the alkaline bath using the water solution 
which extracted dissolved oxygen (specifically, copper pyrophosphate plating is used), and it is plating with JP,1-286407,A on the 
surface of the magnet to it. In this case, it is possible to obtain the magnet which the good plating film of adhesion is formed in a 
magnet front face, and is excellent in corrosion resistance, and is not inferior in magnetic properties. 

[0008] Furthermore, at JP, 8-3 763, A, non-electrolyzed Cu plating, electric Cu plating, and electric nickel-P alloy plating can be 
performed one by one on the surface of a magnet, and the corrosion resistance of a R-Fe-B system permanent magnet can be 
remarkably raised by making a plating coat into multilayers. 
[0009] 

[Problem(s) to be Solved by the Invention] As a plating bath, copper pyrophosphate is used by JP, 1 -286407,A at JP,60-54406, A 
mentioned above using cyaniding copper. Especially in the barrel plating method, the large R-Fe-B system permanent magnet of an 
ionization tendency will dissolve plating using copper pyrophosphate by immersion from Cu, and, instead, the copper ion in plating 
liquid will be returned. For this reason, copper does not form membranes as film by the permutation deposit reaction which deposits as 
a metal on the front face of a R-Fe-B system magnet. 

[0010] Moreover, although membrane formation is carried out in plating using cyaniding copper, die adhesion of the film and an 
element assembly is weak. Therefore, in Cu+ metal plating which perfonned metal plating on electrolysis Cu plating of cyaniding 
copper, it becomes an element assembly and the bad coat of die adhesion of the plating film. Moreover, if cyaniding coppering liquid 
does not plan a certain preventive measure, it has a possibility of having a bad influence on an environment 
[001 1] Moreover, in JP,8-3763,A, although non-electric-field Cu plating is used, hydrogen generates non-electrolyzed Cu plating 
during plating. A Nd-Fe-B system permanent magnet has the property which stiffens by hydrogen, and with the hydrogen gas 
generated during plating, destruction of a material takes place and it cannot obtain the good plating film of sealing nature. Moreover, 
membranous adhesion is weak by the same reason. Therefore, also when metal plating is performed on non-electrolyzed Cu plating, 
while a technical problem is in corrosion resistance, the good coat of the adhesion of an element assembly and the plating film cannot 
be obtained. 

[0012] Furthermore, unlike other permanent magnets, a Nd-Fe-B system permanent magnet has a negative expansion coefficient in the 
direction perpendicular to C shaft, and is in the inclination contracted with the rise of temperature. For this reason, from the difference 
in the expansion coefficient of a magnet and the plating film, the permanent magnet covered with the plating film formed by the 
conventional approach caused degradation of magnetic properties by the temperature change, and the problem was in thermal 
resistance, 

[0013] It is made in view of such the actual condition, the protective coat excellent in adhesion is fomied, and this invention aims at 
offering the approach of manufacturing the magnet excellent in corrosion resistance and thermal resistance, and the surface treatment 
approach for formation of a protective coat forming the protective coat excellent in adhesion in the front face of a difficult material 
like a rare earth magnet. 
[0014] 

[Means for Solving the Problem] this invention person etc. came to complete a header and this invention for the ability of formation of 
a protective coat to form the protective coat excellent in adhesion in the front face of materials, such as a difficult magnet, by forming 
the protective coat excellent in adhesion, and performing electrolytic plating using the plating bath of a specific presentation, as a 
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result of examining wholeheartedly the magnet excellent in corrosion resistance and thermal resistance. 

[0015] That is, the surface treatment approach of the magnet concerning this invention is characterized by forming the 1 st protective 
coat which performs electrolytic plating on the front face of the magnet containing rare earth using a copper salt compound, 
phosphorus compounds, an aliphatic series phosphonic acid compound, and the coppering liquid that contains a hydroxylation salt at 
least, and changes from a copper coat to it. 

[0016] Moreover, the surface treatment approach of the material concerning this invention is characterized by forming the 1st 
protective coat which performs electrolytic plating on the front face of the material which has a negative expansion coefficient in the 
predetermined direction using a copper salt compound, phosphorus compounds, an aliphatic series phosphonic acid compound, and the 
coppering liquid that contains a hydroxylation salt at least, and changes from a copper coat to it 

[0017] Especially as a material with which the surface treatment approach of the material concerning this invention is applied, 
although not limited, in the case of a R-Fe-B system permanent magnet, effectiveness is large. Moreover, it is applicable to Tb-Fe 
system magnetostriction material etc. 

[0018] The manufacture approach of the magnet conceming the 1st viewpoint of this invention has the process which forms the 1st 
protective coat which performs electrolytic plating on the front face of the magnet containing rare earth using a copper salt compound, 
phosphorus compounds, an aliphatic series phosphonic acid compound, and the coppering liquid that contains a hydroxylation salt at 
least, and changes from a copper coat to it, and the process which forms the 2nd protective coat on the front face of said 1st protective 
coat. 

[0019] The manufacture approach of the magnet conceming the 2nd viewpoint of this invention has the process which forms the 1st 
protective coat which performs electrolytic plating on the front face of the magnet which has a negative expansion coefficient in the 
predetermined direction using a copper salt compound, phosphorus compounds, an aliphatic series phosphonic acid compound, and the 
coppering liquid that contains a hydroxylation salt at least, and changes from a copper coat to it, and the process which forms the 2nd 
protective coat on the front face of said 1 st protective coat. 

[0020] Especially as said 2nd protective coat, it may not be limited but you may be the metal plating film. Or the copper coat formed 
on said 1 st protective coat of the copper-sulfate plating bath, the copper pyrophosphate plating bath, or the cyaniding coppering bath is 
sufficient as the 2nd protective coat. The multilayers which formed other copper coats and formed the metal plating film in the front 
face of this copper coat on said 1st protective coat by the copper-sulfate plating bath, the copper pyrophosphate plating bath, or the 
cyaniding coppering bath are sufficient as the 2nd protective coat further again. A resin coat is sufficient as the 2nd protective coat 
further again. 

[0021] Especially effectiveness is large when it is a R-Fe-B system rare earth magnet containing R (however, more than a kind of the 
rare earth elements in which R contains Y), Fe, and B especially as a magnet with which the approach of this invention is applied, 
although not limited. The example of representation of a R-Fe-B system rare earth magnet is a Nd-Fe-B system rare earth magnet. 
[0022] In the approach of this invention, the coppering bath for foming the 1st protective coat has the desirable coppering bath which 
contains 1. in 10-20g /as copper, and contains 1. in 2-6g /as Lynn. 

[0023] Especially as a concrete application of the permanent magnet obtained by the manufacture approach of this invention, although 
not limited, it is suitably used as the components of an automobile, an industrial machine, etc. of which thermal resistance and 
temperature-proof variability are required as a service condition, or components (for example, resin molding of the magnet is carried 
out) of which thermal resistance is required in the manufacture process of components. Moreover, it has good magnetic properties that 
especially the permanent magnet obtained by the manufacture approach of this invention has a thin configuration etc., even when the 
specific surface area to weight is large. 
[0024] 

[Embodiment of the Invention] Hereafter, this invention is explained based on an operation gestsilt. This operation gestalt explains the 
manufacture approach of a permanent magnet excellent in corrosion resistance and thermal resistance. 

[0025] In a permanent magnet book operation gestalt, the permanent magnet with which a protective coat is formed in a front face is a 
R-Fe-B system rare earth magnet containing R (however, more than a kind of the rare earth elements in which R contains Y), Fe, and 
B. 

[0026] the content of R, Fe, and B ~ R<=5.5 atom %<=30 atom %, 42 atom %<=Fe<=90 atom %, and B<=2 atom %<=28 atom % - 
it comes out and a certain thing is desirable. 

[0027] When manufacturing especially a permanent magnet object with a sintering process, it is desirable that it is the following 
presentation. As rare earth elements R, at least one sort or the thing containing one or more sorts in La, Sm, Ce, Gd, Er, Eu, Pm, Tm, 
Yb, and Y is still more desirable among Nd, Pr, Ho, and Tb. In addition, when using two or more sorts of elements as R, mixture, such 
as a misch metal, can also be used as a raw material. 

[0028] As for the content of R, it is desirable that it is 5.5 to 30 atom %. if there are too few contents of R, since the magnetic crystal 
structure will serve as a cubic organization of the same structure as alpha-iron, if many [ high holding power (iHc) is not acquired 
and / too ] — R — a rich nonmagnetic phase increases and a residual magnetic flux density (Br) falls. 

[0029] As for the content of Fe, it is desirable that it is 42 to 90 atom %. If there are too few contents of Fe, Br will fall, and if many 
[ too ], iHc will fall. 

[0030] As for the content of B, it is desirable that it is two to 28 atom %. if there are too few contents of B, since a magnetic crystal 
structure will serve as a rhombohedron organization, if many [ iHc is inadequate and / too ] — B — since a rich nonmagnetic phase 
increases, Br falls. 

[003 1] In addition, the temperature characteristic can be improved by permuting a part of Fe by Co, without spoiling magnetic 
properties. In this case, since magnetic properties will deteriorate if tiie amount of Co permutations exceeds 50% of Fe, as for the 
amount of Co permutations, considering as 50% or less is desirable, 

[0032] Moreover, nickel. Si, aluminum, Cu, calcium, etc. may contain the whole below 3 atom % as an unescapable impurity besides 
R, Fe, and B. 

[0033] Furthermore, improvement and low-cost- izing of productivity are realizable by permuting a part of B by one or more sorts in C, 
P, S, and Cu, In this case, as for the amount of permutations, it is desirable that it is below the whole 4 atom %, Moreover, one or more 
sorts, such as aluminum, Ti, V, Cr, Mn, Bi, Nb, Ta, Mo, W, Sb, germanium, Sn, Zr, nickel. Si, and Hf, may be added for improvement 
in coercive force, improvement in productivity, and low-cost-izing. In this case, as for an alddition, it is desirable to carry out to below 
1 0 atom % with the grand total. 

[0034] The permanent magnet in this operation gestalt has the main phase of the crystal structure of tetragonal system substantially. As 
for the particle size of this main phase, it is desirable that it is about 1-100 micrometers. And 1 - 50% of nonmagnetic phase is usually 
included by the volume ratio. 

[0035] As for the above permanent magnet objects, being manufactured by sintering process which is described below is desirable. 
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First, the alloy of a desired presentation is cast and an ingot is obtained. Coarse grinding of the obtained ingot is carried out to the 
particle size of about 10-100 micrometers with a stamp mill etc., and, subsequently to the particle size of about 0.5-5 micrometers, it 
pulverizes with a ball mill etc. 

[0036] The obtained powder is preferably fabricated all over a magnetic field. In this case, it is desirable that magnetic field strength is 
790 or more kA/m, and compacting pressure is 100 - 500MPa extent 

[0037] At 1000-1200 degrees C, the acquired Plastic solid is sintered for 0.5 to 5 hours, and is quenched. In addition, as for a sintered 
atmosphere, it is desirable that they are inert gas ambient atmospheres, such as Ar gas. Then, heat treatment (aging treatment) is 
preferably performed at 500^00 degrees C in an inert gas ambient atmosphere for 1 to 5 hours. Thus, although the manufactured 
permanent magnet is excellent in especially magnetic properties when R is Nd, having a negative expansion coefficient in the direction 
perpendicular to C shaft is known. A protective coat is formed in the front face of this permanent magnet by the approach shown 
below. 

[0038] **** of a protective coat — electrolytic plating is first performed on the surface of a magnet using a copper salt compound, 
phosphorus compounds, an aliphatic series phosphonic acid compound, and the coppering liquid that contains a hydroxylation salt at 
least, and the 1st protective coat which consists of a copper coat is formed. 

[0039] Especially as a copper salt compound, although not limited, a copper sulfate, copper pyrophosphate, a copper chloride, 
phosphonic acid copper, etc. are illustrated, for example. Especially as phosphorus compounds, although not limited, phosphoric-acid 
copper, a potassium pyrophosphate, sodium phosphate, calcium phosphate, etc. are illustrated, for example. Especially as an aliphatic 
series phosphonic acid compound, although not limited, a phosphonic acid organic compound, a phosphonic acid alkali metal 
compound, and a phosphonic acid transition-metals compound are illustrated, for example. Especially as a hydroxylation salt, although 
not limited, a potassium hydroxide, a sodium hydroxide, a calcium hydroxide, etc. are illustrated, for example. 
[0040] The coppering bath for forming the 1st protective coat has the desirable water solution which contains 1. in 10-20g /as copper, 
and contains 1. in 2-6g /as Lynn. Moreover, this coppering bath contains 1. in 10-20g /as an aliphatic series phosphonic acid compound, 
and contains 1. in 50-1 OOg /as a hydroxylation salt. Moreover, the brightener may be contained in this coppering bath in the 0-1 0ml 
[/I. ] range. Especially as a brightener, although not limited, an organic compound, an amino acid compound, a phosphonic acid 
compound, etc. are illustrated, for example. 

[0041] The pHs of this coppering bath are 9,5-10.5 preferably [ it is desirable and ] to 8-12, and a pan. Moreover, the temperature of a 
plating bath is 55-65 degrees C preferably. Although especially the technique of plating is not limited, its barrel plating method is 
desirable. Especially the current density at the time of plating is 0 - 5 A/dm2, although not limited. Extent is desirable and the 
thickness of the 1 st protective coat formed by this coppering has desirable about 0. 1 - 1 5.0 micrometers. When the thickness of the I st 
protective coat is too small, the operation effectiveness of this invention is small, and it is not economical if too thick. Thus, a 
substitution reaction cannot occur easily to a magnet material at the time of plating, and the 1st formed protective coat is good film of 
adhesion. 

[0042] The 2nd protective coat is formed in the front face of a permanent magnet in which the 1st protective coat was formed next. 
Especially as the 2nd protective coat, although not limited, it is constituted from multilayers with die electrolysis nickel-plating film or 
the copper pyrophosphate plating film, and the electrolysis nickel-plating film by this operation gestalt. 

[0043] When forming the electrolysis nickel-plating film, it is desirable to use the barrel plating method and it is desirable to use the 
plating bath of the following presentation as the plating bath. It is desirable that 150-500g [ 1. ] /and nickel bromide are included for 
nickel amiosulfonate, and 30-50g [ 1. ] /and 0-6iril /of brigjiteners are included for 1-lOg [ 1. ] /and boric acid in this plating bath 1. the 
pH of this plating hath — desirable — 3.5-6.0 — it is 4.0-5.0 still more preferably, and that temperature is 40-50 degrees C preferably. 
[0044] When forming the copper pyrophosphate plating film, it is desirable to use the barrel plating method and it is desirable to use 
the plating bath of the following presentation as the plating bath. It is desirable that 60-1 lOg [ I. ] /and a potassium pyrophosphate are 
included for copper pyrophosphate 3 hydrate, and l-7g [ 1. ] /and 0-5ml /of brighteners are included for 200-500g [ 1. ] /and ammonia 
in this plating bath I. the pH of this plating bath - desir^le — 8.0-1 1.0 — it is 8.5-9.5 still more preferably, and that temperature is 50- 
60 degrees C preferably. 

[0045] As for the thicloiess of the 2nd protective coat, it is desirable that they are about 0.1 to 15 times of the thickness of the 1st 
protective coat. 

[0046] The permanent magnet concerning this operation gestalt in which the 1 st protective coat and the 2nd protective coat were 

formed is excellent in the adhesion of a protective coat, and corrosion resistance and its thermal resistance improve. 

[0047] in addition, this invention is not limited to the operation gestalt mentioned above, within the limits of diis invention, can be 

boiled variously and can be changed. For example, in this invention, you may be not only the plating film but resin film, paint film, 

etc. which were mentioned above as the 2nd protective coat. 

[0048] 

[Example] Hereafter, although this invention is explained based on a still more detailed example, this invention is not limited to these 
examples. 

[0049] Heat treatment was performed at 600 degrees C in Ar ambient atmosphere for 2 hours, the sintered compact with the 
presentation of 14Nd-lDy-7B-78Fe (a figure is an atomic ratio) created vntti example 1 powder-metallurgy fyrocessing was processed 
into the magnitude of 56x40x8 (mm), it beveled by barrel finishing processing further, and the permanent magnet element assembly 
was obtained. 

[0050] Subsequently, after alkaline cleaning liquid's having performed the sample of this permanent magnet element assembly, 
activating the front face with the nitric-acid solution after washing and rinsing well, it plated as follows and the 1 st protective coat was 
first formed in the front face of a permanent magnet element assembly. 

[005 1] As a plating bath for forming the 1st protective coat, the special preparation plating bath shown in the following table 1 was 
used. The organic compound was used as a brightener, using a phosphonic acid organic compound as an aliphatic series phosphonic 
acid compound, using potassium phosphate as phosphorus compounds, using a copper chloride as a copper salt compound. Plating 
current density is 1 A/dm2 on the average. It was the following. The thickness of the 1st obtained protective coat was 5 micrometers. 
[0052] Next, the electrolysis nickel-plating film was formed in the front face of the 1st protective coat as the 2nd protective coat. The 
electrolysis nickel-plating film was performed using the electrolysis nickel-plating bath shown in Table 1 . The thickness of the 
electrolysis nickel-plating film was 5 micrometers. 
[0053] 
[Table 1] 
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[0054] Thus, after leaving the Nd-Fe-B system magnet concerning the acquired example 1 in the 300-degree C thermostat for 1 hour 
or more and heating it to it, it cooled naturally to the room temperature. In this way, the both sides of the magnet heated once and the 
magnet which is not heated at all were magnetized to the saturation state, total magnetic flux was measured, and the decreasing rate 
(property decreasing rate) of total magnetic flux was investigated. The property decreasing rate was 0.01% as shown in the following 
table 2. 

[0055] Moreover, the break with a depth [ of 30-40 micrometers ] and a die length of 20-3 0mm was put into 2 parallel by width of face 
of lOmm, one end of a break was connected with the break of the same depth to the front face of the Nd-Fe-B system magnet 
concerning an example 1 , it tore ofTat the time of tearing ofT only the plating film perpendicularly from the part, and the force was 
measured. As it tore off and the force was shown in Table 2, they were 50 or more MPas. 

[0056] Furthermore, when a corrosion-resistant test was carried out in P.C.T. (pressure-cooker test: 120 degrees C, 100%RH, 2atm), as 
the Nd-Fe-B system magnet concerning an example 1 was shown in Table 2, there was no generating of rust or blistering about 20 
samples. 
[0057] 
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[0058] Except having set thickness of the example 2 1st protective coat to 10 micrometers, the permanent magnet which has a 
protective coat like an example 1 was manufactured, and the same trial was performed. A result is shown in Table 2. 
[0059] Thickness of the example 3 1st protective coat was set to 1 micrometer, as the 2nd protective coat, except having formed the 
multilayers of the 4 micrometers copper pyrophosphate plating film and the 5-micrometer electrolysis nickel-plating film, tiie 
permanent magnet which has a protective coat like an example 1 was manufactured on the front face, and the same trial was performed 
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on it. A result is shown in Table 2. In addition, the copper pyrophosphate plating bath shown in Table 1 was used for the plating bath 
for forming the copper pyrophosphate plating film. 

[0060] Except having used tfie copper pyrophosphate plating film of 44 micrometers of examples as the 9-micrometer copper 
pyrophosphate plating film, the permanent magnet which has a protective coat like an example 3 was manufactured, and the same trial 
was performed. A result is shown in Table 2. 

[0061] Except having formed the 5 -micrometer cyaniding coppering film using the cyaniding coppering bath shown in Table 1 as a 
plating bath for forming the example of comparison 1 1st protective coat, and having formed the 5-micrometer electrolysis nickel- 
plating film in the front face^ the 2nd protective coat, the permanent magnet which has a protective coat like an example 1 was 
manufactured, and the same trial was performed. A result is shown in Table 2. 

[0062] Except having formed the 10-micrometer cyaniding coppering film instead of the cyaniding coppering fihn of 25 micrometers 
of examples of a comparison, the permanent magnet which has a protective coat like the example 1 of a comparison was 
manufactured, and the same trial was performed. A result is shown in Table 2. 

[0063] Except having formed the electrolysis nickel-plating film in the front face of an example of comparison 3 permanent-magnet 
element assembly by the thickness of 15 micrometers independently, the permanent magnet which has a protective coat like an 
example 1 was manufactured, and the same trial was performed. A result is shown in Table 2. 

[0064] As shown in the evaluation table 2, as compared with the examples 1-3 of a comparison, there is almost no fall of the total 
magnetic flux after 300-degree-C heating in the examples 1-4. In the example of a comparison, according to the difference of the 
thermal expansion of a magnet element assembly and a plating coat, when it heats, distortion of the element assembly by stress occurs 
in the interiface of an element assembly and the plating film, and this is considered that magnetic properties fall. 
[0065] Moreover, as shown in Table 2, as compared with the example of a comparison, in the example, it tore off and has checked that 
the force was large and the adhesion force was strong. Furthermore, as shown in Table 2, in the example, it has checked that there was 
no generating of rust or blistering. Moreover, the plating film using the special plating bath concerning this invention has checked that 
thickness had at least 1 micrometer of effectiveness from the result of examples 3 and 4. 
[0066] 

[Effect of the Invention] As explained above, according to this invention, the protective coat excellent in adhesion is formed and the 
approach of manufacturing the magnet excellent in corrosion resistance and thermal resistance can be realized. Moreover, the surface 
treatment approach for formation of a protective coat to form the protective coat excellent in adhesion in the front face of a difficult 
material, for example like a rare earth magnet can be offered. 



[Translation done.] 
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